he purpose of this study was to evaluate the radiopacity of 5 root-end filling materials (white MTA-Angelus, grey MTA-Angelus, IRM, Super EBA and Sealer 26). Five specimens (10 mm diameter X 1 mm thickness) were made from each material and radiographed next to an aluminum stepwedge varying in thickness from 2 to 16 mm. Radiographs were digitized and the radiopacity of the materials was compared to that of the aluminum stepwedge using VIXWIN 2000 software in millimeters of aluminum (mm Al). Data were analyzed statistically by ANOVA and Tukey's test at 5% significance level. Radiopacity values varied from 3 mm Al to 5.9 mm Al. Sealer 26 and IRM presented the highest radiopacity values (p<0.05), while white/grey MTA and Super EBA presented the lowest radiopacity values (p<0.05). The tested root-end filling materials presented different radiopacities, white/grey MTA and Super EBA being the least radiopaque materials.
INTRODUCTION
Retrograde filling is an endodontic surgical procedure frequently used to seal the root canal following root-end resection 22, 24 . The root-end filling material should present sufficient radiopacity to be distinguished from adjacent anatomical structures 16, 18 , such as bone and teeth. In recent years, materials used in root-end fillings have greatly evolved. Silver amalgam, previously used, is no longer recommended due to clinical failure, poor marginal adaptation and inadequate sealing 10 . Other materials currently in use include root canal sealers 11, 17 , zinc oxideeugenol-based materials 4, 7, 26 and mineral trioxide aggregate (MTA) 24, 25 . Since their introduction by Grossman in 1936, zinc oxide-eugenol-based materials have been widely used in dentistry. IRM (Dentsply Caulk, Milford, DE, USA) is a polymethylmethacrylate-reinforced zinc oxide-eugenol cement that is indicated for use as a root-end filling material 12, 26 . Super EBA (Harry J Bosworth Co, IL, USA) is another modified zinc oxide-eugenol cement used for filling of retrograde cavities. Its liquid contains 68% ethoxybenzoic acid and 32% eugenol, presenting as advantages a good sealing, low leakage levels 2 and good tissue tolerance 4, 15 . Various materials have been studied for use as root-end filling materials. Gerhards and Wagner 11 used Diaket, an epoxy resin-based sealer, in retrograde fillings, and reported a satisfactory apical seal. Sealer 26 (Denstply Indústria e Comércio Ltda., Petrópolis, RJ, Brazil) is an epoxy resinbased endodontic sealer that presents bismuth oxide and calcium hydroxide in its formulation. A greater powder-toresin ratio is used to obtain a thicker consistency for use in retrograde fillings. Sealer 26 is known for its excellent sealing properties when used for either root canal filling or retrograde obturation 17 . Tanomaru-Filho, et al. 22 have observed good periapical healing in dogs after retrograde filling with Sealer 26, similar to that obtained with MTA.
MTA has been considered as the ideal root-end filling material because of its low solubility, low cytotoxicity, good tissue tolerance and possible induction of mineralized tissue formation 25 . 19 developed a method to measure radiopacity that includes obtaining radiographic images of materials next to an aluminum stepwedge. This method also involves digitization of the radiographs and use of specific software to determine the grey pixel values.
The purpose of this study was to evaluate the radiopacity of 5 root-end filling materials by comparing the radiopacity of samples to that of an aluminum stepwedge, according to the ISO 6876:2001 standard 13 .
MATERIAL AND METHODS
Five root-end filling materials were evaluated in this study: white MTA-Angelus, grey MTA-Angelus, IRM, Super EBA and Sealer 26 (Table 1) .
All materials were prepared according to the manufacturers' instructions, except for Sealer 26. As this material is a resin-based root canal sealer, a thicker consistency is necessary for filling of retrograde cavities and thus a 4:1 powder-to-resin weight ratio was used 22 . For specimen preparation, impressions were taken from metallic matrices using a light-bodied silicone-based impression material. The moulds were filled with the tested materials and stored in a moist incubator at 37ºC until complete set of the cements. Five specimens measuring 10 mm diameter and 1 mm thickness were fabricated from each material.
Thereafter, the specimens were placed on 5 occlusal radiographic films (Insight; Kodak Comp, Rochester, NY, USA) next to a graduated aluminum stepwedge with thickness ranging from 2 to 16 mm (in 2 mm-increments) and exposed using a GE-1000 x-ray unit (General Electric, Milwaukee, WI, USA) operating at 50 kv, 10 mA, 18 pulses/ s, and focus-film distance of 33.5 cm. The radiographs were digitized using a desktop scanner (SnapScan 1236; Agfa, Deutschland) and the digitized images were imported into the VIXWIN 2000 software (Gendex, Deplanes, IL, USA). The equal-density tool of this software was used to identify areas of equal density, allowing comparison between the radiographic density of the materials and the radiopacity of different thicknesses of the aluminum stepwedge. By doubleclicking the left mouse button, the area corresponding to the specimen was selected in each radiographic image and the software determined which thickness of the aluminum stepwedge was equivalent to the specimen's radiographic density. This assessment determined the radiopacity of the selected material compared to a particular thickness of aluminum, measured in millimeters. Results were analyzed by calculating the means of 5 measurements per sample (one point in the central area and 4 points in the different quadrants). Data were submitted to statistical analysis using one-way analysis of variance (ANOVA) and Tukey's HSD post-hoc test (á=0.05).
RESULTS
The radiopacity values are presented in Figure 1 . Sealer 26 and IRM presented the highest radiopacity values among the tested materials (p<0.05), equivalent to 5.9 mm Al and 5.7 mm Al, respectively. White/grey MTA and Super EBA presented the lowest radiopacity values (p<0.05), ranging from 3 to 3.3 mm Al.
DISCUSSION
Tagger and Katz 19 developed a method for analysis of the radiopacity of endodontic sealers using standardized samples radiographed next to an aluminum stepwedge. The radiographs are digitized and the specimens' radiopacity is compared to that of the aluminum stepwedge using computer software. The comparative evaluation of digitized radiographic images using an image-analysis software has been shown to determine the radiopacity of the materials in a simple and easily reproducible manner with reliable outcomes 18, 20, 21 . Several radiopacity studies have included comparison to an aluminum stepwedge with varying thickness. Katz, et al.
14 compared the radiopacity of gutta-percha cones to an aluminum stepwedge and observed a mean radiopacity of 7.4 mm Al. Tanomaru, et al. 20 evaluated the radiopacity of root canal sealers using a similar methodology. Beyer-Olsen and Orstavik 5 evaluated the radiopacity of several root canal sealers using an aluminum stepwedge with 2-mm increments in thickness and found that most analyzed materials were more radiopaque than dentin. The ISO 6876:2001 standard 13 establishes 3 mm Al as the minimum radiopacity for root canal sealers. According to the ANSI/ADA specification No. 57 1 , root canal sealers should be at least 2 mm Al more radiopaque than bone or dentin.
Shah, et al. 16 have stated that root-end filling materials should be distinguishable from the adjacent bone and root dentin, and that materials with radiopacity values smaller than 3 mm Al are indistinguishable. According to these authors 16 , an international standardization establishing the minimum acceptable radiopacity of root-end filling materials is urgently needed. Likewise, Tagger and Katz 18 have emphasized that the establishment of international guidelines is strongly recommended to standardize the minimum radiopacity for retrograde filling materials, due to the great variability observed in the currently used materials.
In the present study, Sealer 26 and IRM had the highest radiopacity values. This may be explained by the fact that Sealer 26 powder has bismuth oxide, which is responsible for its radiopacity, while 75% of IRM composition is zinc oxide, which confers radiopacity to this material.
Super EBA and both types of MTA were the least radiopaque materials. White/grey MTA-Angelus presented radiopacity between 3 to 3.3 mm Al. Bismuth oxide is added to the formulation of these materials to provide radiopacity. Despite the addition of bismuth oxide to its composition (Table 1) , the value of radiopacity observed is close to the minimum required by ISO 6876/2001 standard ANSI/ADA Specification No.57 for root canal filling materials.
In the present study, there was no statistically significant difference between both types of MTA regarding their radiopacity. According to Asgary, et al. 3 , the major difference seems to be in FeO concentration, with considerably lower values in the white compared to the grey MTA. Differences in FeO concentration are thought to be primarily responsible for color variation of the white MTA compared to the grey MTA. Camilleri, et al. 6 have verified a similar chemical composition for grey and white MTA. Both materials were found to be nontoxic, and both induced cell proliferation when hydrated.
Super EBA presented radiopacity similar to that of white/ grey MTA. This result differs from those of Torabinejad, et al. 23 , who evaluated several retrofilling materials and concluded that amalgam was the most radiopaque material and that MTA had higher radiopacity values than Super EBA and IRM.
CONCLUSIONS
Under the tested conditions and according to the results of the present study, it may be concluded that the tested root-end filling materials had different radiopacities. White/ grey MTA and Super EBA were the least radiopaque materials.
